A new subgenus [Allograpta (Costarica Mengual & Thompson), type Allograpta zumbadoi Thompson], and one new species [Allograpta (Costarica) nishida Mengual & Thompson; type-locality: Costa Rica, type-depository: Instituto Nacional de Biodiversidad de Costa Rica] of flower flies (Diptera: Syrphidae) are described from the Neotropical biotic region. A checklist of the world species of Allograpta including synonyms is provided, and a key to and diagnoses of the subgenera are also supplied. The phylogenetic relationships among Allograpta species, representing all hitherto detected morphological diversity of the genus, and related genera were studied under parsimony based on morphological characters.
Introduction
Allograpta flower flies are common in all areas except the extreme north and south and most of the Palaearctic Region. These flies are pollinators and show considerable variation in morphological characters, such as color pattern and head shape. The immatures of most species are predators of hemipteran pests (see Rojo et al. 2003 for review of published prey records). Recent studies have revealed that some species are secondarily leaf-miners (Nishida et al. 2002) , stem-borers (Zuijen & Nishida 2009 ) or pollen-feeders (Weng & Rotheray 2009 ). This major and important shift in biology from predation to phytophagy has highlighted the need for a reassessment of the genus Allograpta. This is the first review of the current classification of the group including a new name for the group of stem-boring species. All subgenera and species groups are morphologically diagnosed, and all names of included species in each subgenus or comparable grouping are given, as well as a key to subgeneric taxa. In order to provide a basis for further studies, morphological characters of Allograpta species and related genera, representing all known morphological diversity, were studied to explore their phylogenetic information content.
Other reports on the genus are in process. Mengual et al. (2008b) examined DNA sequence data and the immature stages will be analyzed. Then a phylogenetic assessment based on the combined dataset may provide resolution upon which to base a new and improved classification.
Syrphini. Allograpta and his new genus Chasmia were placed in the Toxomerini. His Chasmia is a synonym of Allograpta, but he included one species (quadricincta) of Toxomerus in it. In Allograpta, he included a species of Dasysyrphus (munzoi = Dasyrphus pauxillus) and two species of Ocyptamus (delimbata and schoenemanni). His Fazia included only species of Allograpta, sensu stricto. Frey (1946) in his revision of the syrphine genera followed previous workers in using the presence or absence of the premarginal sulcus of the abdomen to separate the genera related to Epistrophe. However, he separated Epistrophe and other genera from the Allograpta related groups by the lack of bright sharply defined yellow maculae on the pleuron. Then he divided the genera related to Allograpta first on the basis of facial shape as expressed as the shape of the oral opening (short and oval versus long and narrow). Finally Sphaerophoria was separated on its traditional characters of enlarged male genitalia. What is clear is that Frey apparently did not know the type of Allograpta as he would have realized that its facial shape is the same as his new genus, Miogramma. Under Allograpta, Frey merely wrote that the abdominal pattern well characterizes the genus. Under his Miogramma, he included a long discussion of how the group differs from Epistrophe, Sphaerophoria, Xanthogramma, Obliosyrphus, Ischiodon, Meligramma et alia, but no mention of Allograpta. Likewise, Microsphaerophoria was contrasted with Sphaerophoria, not Allograpta. Hull (1949a) , in his review of New World Baccha, included a key to the genera and subgenera related to Baccha. He separated Allograpta and Epistrophe from Baccha on the basis of the pilose metasternum and separated Rhinoprosopa from Baccha on the basis of its facial shape and widely separated antennal pits. However, his major work on the classification of flower flies (1949b) treated Allograpta and related groups as subgenera of Epistrophe. Unfortunately his concept of Epistrophe is "ein mischmash" [as Meigen (1822: 382) wrote of Fabricius' Eristalis] . Hull divided the syrphine genera first on whether there was a premarginal sulcus on the abdomen and then whether the metasternum was bare or pilose (Hull 1949b: 281, couplets 2-4) . Then, after excluding Afrosyrphus and Paragus on antennal length, he was left with his Epistrophe and Sphaerophoria (1949b: 282. couplets 25-29) . Sphaerophoria was separated by its traditional characters, especially enlarged male genitalia. Under Epistrophe he recognized as subgenera:
and he did not recognize the available names Euryepistrophe, Heterepistrophe and Episyrphus. He separated these subgenera mainly on facial shape, abdominal pattern and shape. Allograpta was separated from Epistrophe on abdominal pattern as he explained "I cannot see any valid distinctions in the genotype except upon the abdominal pattern for this group." Then he named Metallograpta for those Allograpta species with a projecting face; and Metepistrophe for those "species of Epistrophe in which the epistoma juts forward." He separated this new subgenus from Fazia based on abdominal shape (oval in Fazia, elongate in Metepistrophe). Bankowska (1962) , when revising the Palaearctic species of Sphaerophoria, re-examined the relationships of Syrphus javanus Wiedemann, a species placed in Sphaerophoria by some earlier authors. She concluded that javanus could not be placed in Sphaerophoria, Xanthogramma or Ischiodon. So, being unaware of Allograpta and the work of Frey (1946) , she erected a new genus for javanus, Helenomyia, which became a junior objective synonym of Miogramma Frey and a subjective synonym of Allograpta. Apparently Shiraki (1963) also recognized the distinctiveness of javanus as he placed a synonym (nakamurae Matsumura) of it in Paraxanthogramma, but never formally published a description of the genus. The name was subsequently used in a work on the biological control of aphids in Taiwan by Tao & Chiu (1971) . Vockeroth (1969 Vockeroth ( , 1973 was responsible for the current concept of Allograpta. His 1969 paper included 55 Allograpta species representing almost all biogeographic regions and he was the first to recognize that Old World species belonged to the New World genus. Additionally, he discussed the zoogeography of the taxon. He based his concept of Allograpta on the male genitalia ["Despite the great variation in many characters the male terminalia are very distinctive and separate the genus sharply from all others"]. While Vockeroth did not explicitly define Allograpta in terms of male genitalic characters, the key characters were 1) the superior lobes fused to the hypandrium (in most syrphines these are articulating) and 2) basal part of the aedeagus enlarged and with dense black denticles (figs. 11-16) .
Identification
The Nearctic species were treated by Vockeroth (1992) . The last key to the Neotropical species of Allograpta is by Fluke (1942) , but is inadequate as he mixed the species of Allograpta and Ocyptamus among his "Epistrophe" and did not include Rhinoproposa. Rhinoprosopa was treated as part of the genus Baccha by Hull (1949a: 101, couplets 3-5) . Frey (1946: 166) provided a key to the Old World species of Allograpta as his Miogramma.
Format
Terminology follows Thompson (1999b) . The classification followed here is that of the BioSystematic Database of World Diptera (Evenhuis et al. 2008) and follows from that of Vockeroth (1969) and the various regional Diptera catalogs (Knutson et al. 1975; Peck 1988; Smith & Vockeroth 1981; Thompson et al. 1976; Thompson & Vockeroth 1989 . Also see older catalogs such as Harris 1835; Osten Sacken 1878; Aldrich 1905; Kertész 1910; Fluke 1956-7) . We recognize that some alternatives to this classification scheme can be considered following recently published results of Mengual et al. (2008a, b) , but these are based only on molecular characters and other proposals are forthcoming. So, for uniformity and universality, we here accept the traditional classification of flower flies. The format for and abbreviations found in the generic synonymies follow the BioSystematic Database of World Diptera (BDWD, Thompson 1999a) . The acronyms used for collections likewise follow BDWD standards and their equivalents are given in the acknowledgments. In the species lists, the use of an asterisk (*) means that material of the species was examined and two asterisks (**) means type material of the name was examined. The species are listed alphabetically by biotic regions. For each species we provide the valid epithet, the author, year and page number of the original description followed by the original genus in parenthesis and the distribution. If synonyms exist, they are given in brackets after the distribution.
Phylogeny
Recent improvements in laboratory techniques have made it feasible to employ an increasingly higher number of genes for the study the phylogenetic relationships of various insect groups (Bybee et al. 2004; Brammer & von Dohlen 2007; Kutty et al. 2007; Schuh et al. 2009 ). The first phylogeny of the predatory flower flies (subfamily Syrphinae) based on molecular characters was published (Mengual et al. 2008a) . It was the first time that the genus Allograpta was included in a molecular study. The results of the study brought light on the relationships among Syrphinae genera and discussed the current division of the subfamily in 4 tribes. Based on new interrelationships of Allograpta and related taxa found in this article, a molecular study further exploring these placements was recently published by Mengual et al. (2008b) .
Morphological characters have used for inferring Syrphidae phylogenies. Gilbert (1989, 1999) scored larval characters for the Palaearctic genera of Syrphidae and presented the first cladistic analysis of the group. Hippa and Ståhls (2005) presented a list of morphological characters with phylogenetic information and their results reported the monophyly of the family and the tribe Pipizini as the sister group of subfamily Syrphinae. Morphological characters have also combined with molecular characters to improve resolution and accuracy. The first combined phylogeny for the family Syrphidae was published by Ståhls et al. (2003) , also other authors used DNA and morphological characters for trying to solve systematics of groups within Syrphidae (see Cheng et al. 2000; Ståhls et al. 2004; Milankov et al. 2005 Milankov et al. , 2007 Masetti et al. 2006; Vujić et al. 2008) . The following is a list of the morphological characters that seem to vary among the distinctive groups related to and included in the genus Allograpta. Although some of these characters are invariant for the included taxa, they will be useful when the syrphines as a whole are analyzed. Characters 7, 8 and 26 separate studied taxa from Chrysotoxum; characters 13 and 27 separate them from Ocyptamus; character 24 separate them from Salpingogaster and Lapposyrphus and 3 from Leucopodella. 1. basal aedeagus simple, not swollen nor with denticules. 2. basal aedeagus swollen apically and with black denticules. 3. basal aedeagus complex, without black denticules.
In the present study, a basic matrix of adult morphological characters (Table 1) is given for exemplar species ( Table 2 ). The presumably related groups to Allograpta and the here diagnosed subgroup of Allograpta were included in the analysis. Syrphus ribesii (Linnaeus 1758 ) was chosen as the outgroup based on the results of Mengual et al. (2008a) , and representatives of Episyrphus, Meliscaeva, Anu, Citrogramma, Exallandra, Giluwea, Sphaerophoria and Eosphaerophoria were studied with representatives of the subgenera of Allograpta.
Whether these are useful characters for cladistic analysis depends on a more rigorous examination of their distribution among all syrphine flies and related outgroup taxa and their true homology. As this examination has not been completed, these attributes are only presented as potential sources of useful characters for future phylogenetic analyses.
Allograpta Osten Sacken
Description (adapted from Vockeroth 1969: 126) . Head: Face variable in structure, yellow, with or without medial black vitta; oral opening variable; frons normal, not swollen; antenna short, less than head width; scape about as long as broad, pedicel broader than long; basoflagellomere oval to slightly elongate, not more than 1.6 times as long as broad; arista basal, bare; eye bare; male usually holoptic (only 2 New Zealand species narrowly dichoptic), ommatidia uniform.
Thorax: Postpronotum bare, yellow; scutum usually yellow laterally to transverse suture or beyond; postalar callus yellow; scutellum at least partially yellow, with distinct ventral pile fringe; anepisternum bare on anterior flattened portion; katepisternum without anterodorsal pile tuft, with dorsal and ventral pile areas separated or narrowly joined posteriorly, otherwise broadly separated anteriorly; metasternum variable; metathoracic pleuron bare; calypter bare, plumula variable. Legs: simple; metacoxa without pile tuft on posteroventral apical angle. Wing: variable; vein R4+5 straight; vein M1 (apical crossvein) processive, slightly sinuate; posterior margin without black sclerotized puncta; alula variable.
Abdomen: variable; terga without marginal sulcus. Male genitalia: typical syrphine form; cercus elongate oval; surstyle elongate oval to triangular; lingula absent; aedeagus two-segmented, with apical segment flared apically, basal segment oval to elongate, with minute dark dense appressed spicules apically (except Antillus); superior lobe fused to hypandrium, usually triangular.
Etymology: Allograpta is derived from "allo" from the Greek meaning "another kind or strange" (Brown 1956: 80) and "grapta" also from the Greek meaning "marked" (Brown 1956: 379) . Thus Allograpta means another kind of marking, clearly referring to the unique abdominal color pattern of the type species.
Allograpta is recognized among the syrphines (subfamily Syrphinae, tribe Syrphini) by a combination of characters: 1) eye bare; 2) anterior anepisternum bare; 3) calypter bare; 4) abdomen without premarginal sulcus; 5) metacoxa bare posteromedially; and 6) metathoracic pleuron bare. The specimens used to score the taxa for the attribute matrix are as follows. All specimens, unless otherwise noted, are preserved in the USNM. The only genera likely to be confused with Allograpta are Sphaerophoria and Exallandra and the confusion is only with the typic subgenus. The other subgenera are readily distinguished from these genera by their facial shape (anteriorly extended) and automorphic characters (apical wing maculae, petiolate abdomen). Vockeroth (1969: 133) pointed out the difficulty of distinguishing Sphaerophoria [and Exallandra] females from those of Allograpta, "specifically if the latter lack the oblique tergite markings commonly found in that genus." Allograpta (sensu stricto) has a complete subscutellar fringe, which is well developed and at least moderately dense, whereas Sphaerophoria and Exallandra have a reduced or no subscutellar fringe.
Distribution. Allograpta is found in all Biotic Regions, but is absent from most of the Palaearctic Region and northern areas of the Nearctic (see fig. 22 ). The genus is absent from the western Palaearctic and occurs only along the southeastern edge of the region (from southern Far Eastern Russia, south to China). Only the typic subgenus is known from outside the Neotropical Region. The greatest diversity is found in the Neotropics, but there is a small radiation also in New Zealand. The species counts for the various regions are Palaearctic (2), Nearctic (4), Neotropical (52), Afrotropical (12), Oriental (10), Australian (33) and Oceania (10).
Allograpta species are structurally rather uniform throughout the World except in the Neotropics and New Zealand. The structural diversity is documented in the Neotropics by a number of subgeneric groups, but the diversity in New Zealand is not.
FIGURES 7-10. Heads, lateral view. 7. Allograpta (Fazia) colombia Curran; 8. Allograpta (Allograpta) obliqua (Say); 9. Allograpta (Rhinoprosopa) flavophylla (Hull) ; 10. Allograpta (Rhinoprosopa) aenea (Hull) . Diagnosis. Face straight, with low indistinct tubercle of variable size; oral opening about 1.5 to 2 times as long as wide, with oral apex at level of antennal base; antennal pits confluent; plumula well developed or absent; subscutellar fringe distinct or absent; wing partially bare basomedially, with or without apical dark macula; alula broad, about 1.5 times as broad as cell BM; metasternum pilose or bare; abdomen elongate, parallel to slightly petiolate. 
Allograpta alamacula species group
Diagnosis. Face straight, with large tubercle; oral opening about 2 times as long as wide, with oral apex at level of antennal base; antennal pits confluent; plumula absent; subscutellar pile fringe absent; wing broadly bare basomedially, with apical dark macula; alula broad, as broad as cell BM; metasternum bare; abdomen elongate.
Included species. AUSTRALIAN: **alamacula Carver 2003: 37 (Allograpta) Australia (Queensland). Carver (Carver & Thompson 2003 ) reared her species from maggots preying on whiteflies (Aleurocanthus t-signatus (Aleyrodidae)). Also see Carver and Thompson (2003: 38, figs. 1 and 2 ) for black and white habitus and male genitalia.
Allograpta ventralis species group
Diagnosis. Face straight, with large low tubercle; oral opening about 2 times as long as wide, with oral apex at level of antennal base; antennal pits confluent; plumula absent; subscutellar pile fringe absent; wing broadly bare basomedially, without apical dark macula; alula narrow, about 1/2 as broad as cell BM; metasternum bare or with 2-3 very short pile; abdomen elongate or slightly petiolate. The biology of ventralis was described by Bowie (2001) and the species are typical Allograpta predators which feed on mealybugs (Balanococcus cordylinidis (Pseudococcidae)). See also Thompson (2008: 4, fig. 4 ) for colour habitus. Antillus Vockeroth 1969: 130 . Type-species, ascitus Vockeroth (original designation).
Subgenus Antillus Vockeroth
Diagnosis. Face greatly produced anteriorly, with low small tubercle; oral opening about 3.5 times as long as wide, with oral apex greatly extended beyond level of antennal base; antennal pits confluent; plumula absent; subscutellar pile fringe absent; wing broadly bare basomedially, with apical dark macula; alula broad, much broader than cell BM; metasternum bare; abdomen elongate.
Included species. NEOTROPICAL: **ascita Vockeroth 1969: 130 (Antillus) Hispaniola.
Subgenus Claraplumula Shannon
Claraplumula Shannon 1927: 8. Type-species, latifacies Shannon (original designation).
Diagnosis. Face straight, with tubercle; oral opening about twice as long as wide, with oral apex at level of antennal base; antennal pits broadly separated; plumula well developed, long; subscutellar pile fringe abundant, dense; wing extensively microtrichose, only narrowly bare basally, without apical dark macula; alula broad, about 1.5 times as broad as cell BM; metasternum pilose; abdomen oval. Included species. NEOTROPICAL: **latifacies Shannon 1927: 8 (Claraplumula) Ecuador, Peru. Diagnosis. Face greatly produced anteriorly, with low indistinct tubercle or no tubercle; oral opening about 5.5 times as long as wide, with oral apex greatly extended beyond level of antennal base; antennal pits distinctly separated; plumula absent; subscutellar pile fringe absent; wing microtrichose, without apical dark macula; alula absent or narrow, less than 1/2 as wide as cell BM; metasternum bare; abdomen narrowly to strongly petiolate. Costarica is readily distinguished from all other Allograpta groups by the distinctive facial shape and by the dense thick appressed pile on 1st and 2nd terga in the males. These characters are unique among flower flies.
Subgenus Fazia Shannon
The life history of the type species, zumbadoi, has been worked out by Zuijen and Nishida (2009) . The larval stages are stem-borers in Centropogon (Campanulaceae). The plant genus ranges from Mexico to Peru and contains some 230 species, but so far these flies are only known from the higher elevations in Costa Rica.
Etymology. The name Costarica is the name of the country which is the home for the two included species and is to be treated as feminine.
Key to the species of Allograpta (Costarica) Male. Head: Face black medially, narrowly yellow laterally, short yellow pilose laterally; gena yellow, yellow pilose; lunule black; frontal triangle black except very narrowly yellow laterally, black pollinose and pilose; eye contiguity long, as long as vertical triangle; vertical triangle black, black pollinose and pilose; occiput yellow on ventral 1/3 and black on dorsal 2/3, white pollinose and yellow pilose on ventral 2/3, black pollinose and pilose on dorsal 1/3. Antenna brownish black except pale yellowish orange basoventral 1/3 of basoflagellomere, black pilose; arista black. Thorax: Black except yellow posterior notopleuron, narrowly along base of scutellum, posterior 1/3 of anepisternum; yellow pilose except black pilose on dorsolaterally to wing base; calypter black; halter black except yellow capitulum. Legs: brownish black except yellow femoral apices and basal 1/3 of tibiae, black pilose except a few yellow pili on bases of femora. Wing: hyaline except costal and subcostal darker brownish, microtrichose.
Abdomen: Elongate, slightly narrower than thorax, shiny brownish black except for basal arcuate yellow fasciae on 3rd-4th terga and yellow lateral 1/3 of 1st tergum, black pilose except long lateral white pile and with dense thick brownish-black pile at dorsomedial part on 1st and 2nd terga (fig. 20a) ; sterna dark; 1st sternum long white pilose; 2nd sternum short white pilose; 3rd-5th sterna appressed black pilose. Male genitalia as figured ( fig. 21) .
Female. Similar to male except for normal sexual dimorphism and: frons black except yellow laterally on ventral 2/3, dull, yellow pilose; 2nd tergum with arcuate yellow fascia narrowly divided medially. Abdomen mainly shiny, dull black pollinose on most of 2nd terga except apical margin and yellow fasciae, black pollinose areas on 3rd thru 5th terga restricted to medial area posterior to yellow fasciae (see fig. 20b ). Etymology. This species is named after Kenji Nishida in recognition of his discoveries on the diverse life histories of Allograpta species in Costa Rica. The name is to be treated as a noun in apposition.
Allograpta nishida is readily distinguished from zumbadoi as outlined in the key. 
Phylogenetic analysis
A total of 22 ingroup taxa and 34 morphological characters were analyzed (see Tables 1 and 2 ). Parsimony was chosen as the optimality criterion for this study. The data matrix of morphological characters was analyzed in TNT (Goloboff et al. 2008 ) using the command ie (implicit enumeration) for an exact search. The analysis resulted in 5 equally parsimonious trees of 91 steps of length (C.I. = 0.42, R.I. = 0.65) (figs. 25-29). The strict consensus tree is shown in figure 23 . Figure 24 represents the agreement subtree, with the largest subset of taxa for which the relationships among them are invariant across all parsimonious trees. Figures were edited in Winclada (Nixon 2002) . Bootstraping and Jackknife values were obtained with 1000 replications in TNT.
In the strict consensus tree, only 8 nodes were resolved with different support values. Two species of Sphaerophoria, S. (Loveridgeana) beattiei and S. (Sphaerophoria) novaeangliae, were resolved together in the strict consensus tree with low bootstrap and jackknife values, but more importantly S. scripta was never recovered with these 2 species of the same genus in any of the 5 equally parsimonious trees. Vockeroth (1969) indicated that the terminalia of S. novaeangliae and S. loewii do differ rather markedly from those of the other species. Previous molecular analyses (Mengual et al. 2008b ) resolved S. loewii as the sister-taxon of Exallandra cinctifacies. Present results placed S. novaeangliae with the subgenus Loveridgeana, a fact that highlights the morphological differences between these two species of Sphaerophoria and the rest of the same subgenus. The genus Allograpta was resolved into several species groups in the strict consensus tree. The species of Allograpta sensu stricto, A. obliqua and A. javana, were placed in the basal polytomy in the consensus tree, but looking at the 5 equally parsimonious trees, in the majority of the cases they form a clade with the rest of Allograpta species including Eosphaerophoria.
Two groups of Allograpta species are found in the strict consensus tree: one group with the species of the subgenus Fazia with the subgenus Claraplumula, and a second group with A. (Allograpta) ventralis, A. (Allograpta) alamacula, the representatives of the subgenera Costarica, Antillus and Rhinoprosopa, and the genus Eosphaerophoria. Subgenera Costarica and Rhinoprosopa were recovered in the strict consensus tree and related. The placement of A. alamacula with A. (Antillus) ascita probably is due to the presence of a dark macula in the wing. These results show that inclusion of more taxa and/or additional morphological characters are necessary to increase the topological resolution and clade support values. Although the monophyly of the genus Allograpta is questionable based on our results, some groups were consistently recovered (see fig. 24 ). The combination of morphological and molecular data is vital for a better supported hypothesis of the phylogenetic relationships among the included genera and to generate a stable classification.
